The objective of this program is to experimentally determine the degree of degradation in the optical quality of laser materials under high output energy operation. The endeavor also has as its goal the correlation of the observed effects of degradation with the dynamic processes which occur in the severe environment of the requisite level of optical pump excitation.
The experimentation to date has been carried out using ruby as the laser material and has sought to establish the thermal profile in the active medium due to optical pumping. Preliminary studies in the associated gain profiles were also performed in order to gauge the deposition of the pump radiation in the ruby rod.
Interferometric fringe rate measurements were used extensively in the investigation of the temperature distributions. The gain distributions across the rod diametei were determined using oscillatoramplifier methods. A discussion of the experimental techniques used, the apparatus, and the results obtained is presented.
II. RESEARCH PROGRAM
A. GENERAL APPROACH
Interferometry
When laser materials are subjected to the intense environment of high-level pvunp fluxes, marked degradations in optical c ality occur which manifest themselves by the deformations in the radiation wavefronts passing through the activated medium. Gas laser interferometry has been found to be quite effective in following the time development of these variations. Many detection methods can be used to display the results of such experimentation. High speed framing techniques, streak camera techniques, and photometric techniques all have their individual rierits, and there are trade-offs possible among them in sensitivity, in ease of accumulating data, and in the interpretation of the results. In our experimentation we chose the last method as being a convenient, fast, and inexpensive method for investigating the thermal distributions in laser rods caused by optical pumping. In this section we present the analysis upon which our studies were based.
Consider the interferometer shown schematically in Figurs 1 (Interferometer II). The cylindrical laser sample is excited in a geometry that has axial symmetry so that uniform pumping along the rod axis results. The interference pattern formed at the screen S is observed through the small aperture A. The changes in optical path during pumping are related to the movement of the interference fringes across this aperture behind which is situated a photodetector. The movement is recorded with an oscilloscope camera as an amplitude modulation. The sole requirement for the technique to be effective is that the pinhole diameter be small compared to a fringe width. If now we characterize the pump excitation to be a constant value P over a pump period At (a situation that was well approximated in practice), and ask for the temperature rise AT due to this excitation, we can write for v_ and v
where the term due to mechanical instabilities has been dropped.
Solving for AT, we have that:
With »ach transverse position of the probe beam relative to the sample axis, different fringe rates can be determined from which the associated temperature rise can be calculated. It is in this fashion that the thermal profiles were determined as a function of input energy.
Gain Measurements
A dynamic measurement of gain can be obtained by measuring the input and output intensities of a probe pulse at the amplifier wavelength. The gain profile measurements thus consist of the careful and systematic determination of the amplifier's gain (at a given pump energy) across a diameter or chord of the laser rod. By means of the beam splitters, calibrated phototubes, and matched scope amplifiers the numerical gain can be directly evaluated. The sensitivity in measuring the inversion distribution is a function of the probe beam diameter which can be adjusted. The radial probing is accomplished by moving the aperture in an otherwise rigid and unchanged optical system to minimize and elmininate realignment or parallax errors.
B. EXPERIMENTAL CONSIDERATIONS
Excitation Cavity
Previous work in this laboratory indicated that a cavity of the cloverleaf type leads to reasonably uniform pump light distributions.
On this basis a four-element cloverleaf cavity was bi 'It. A crosssection of the cavity is shown in Figure 3 , and a picture of the fabricated unit in o absorption and scattering at 6328 A. To minimize these effects, it was decided to work with 5/8 inch by 2 inch length ruby of the best optical quality available. The results to be reported on are for 90° DL quality ruby from the Linde Division of Union Carbide Corporation.
Twyman-Green Interferometry
The temperature profile measurements were made using a Twyman-Green interferometer containing the excitation cavity in one arm (following the technique described in the previous section). The interferometer is shown in Figure 6 .
The two 100 percent reflecting mirrors and 50/50 beam splitter were mounted in gimbals secured to a 1 inch thick aluminum plate. This plate was shock-mounted to a base plate on which the cavity was mounted. This minimized the coupling of flashlamp-induced shocks to the interferometer mirrors during the pump period. The cavity was in a mount having several degrees of freedom in both translation and rotation.
A diagram of the complete setup is shown in Figure 7 . The interferometer light source was a Spectra Physics gas laser Model 130.
The wideband filter in front of the gas laser was found to be necessary o to prever"-oscillation at 6943 A off the gas laser optics. The cavity was oriented almost normal to the probe beam such that the reflections from the front and back faces of the ruby did not overlap the interferometer fringe pattern. In this manner it was possible to measure v and v TT simultaneously. Figure 8 shows a diagram of the equipment for this measurement.
Gain Probe Apparatus
For accurate timing control of the pulse probe, a Q-switch is useful.
Initially, a passively Q-switched cell containing cryptocyanine in propanol was used. As will be discussed later, this does not appear to be without its own undesirable characteristics. Hence, a Kerr cell or rotating rmrror may be more satisfactory. A normal laser probe containing a number of closely spaced pulses also can be used, and the input and output signals integrated. There is a small increase in temperature from center to edge which depends somewhat on the pump energy level. A 5 percent increase is typical. Figure 9 is for the probe beam in a plane through the ruby center and two oppositely oriented flashtubes. These measurements were also taken for a plane through the ruby center and midway between two adjacent flashlamps. The results, shown in Figure 10 , were the same as in Figure 9 within experimental error. A given fringe rate measurement was repeatable to ±2 to 3 percent. All data were taken with the ruby immersed in water. A gravity flow system was used during the pump period so that the water was in continual motion. This, plus the addition of a small amount of Eastman Photoflo solution to the water, prevented the accumulation of air bubbles in the immersion cell.
The calculation of AT from, the measured fringe rates assumes the dominance of the thermal variation in ruby length and index of While this does not exclude the existence of strain-induced birefringence, it does suggest that the effect could be rather small. It is planned that in the .lext period a more detailed study of induced birefringence in ruby will be conducted using polariscopic techniques.
Preliminary Gain Studies
As already mentioned, gain measurements were attempted with a passive Q-switch oscillator probe. In the measurement for insertion loss of the ruby (unpumped), it was observed that the ratio of output to input intensity hpd a spread of 20 to 25 percent. This occurred for the probe beam polarization normal to the principal section, and was independent of the probe amplitude. When the probe beam polarization was in the principal plane, this scatter decreased to about 5 percent (without the ruby in the setup the spread in ratio values was <3 percent).
A careful study eliminated the detection apparatus as a source of error, and the difficulty was traced either to the ruby itself or more probably to the passive Q-switch (the output spectrum of the passive Q-switch has not been determined). This investigation is still in progress and will be completed shortly. Some gain measurements were, however, attempted with the passive Q-switch probe with a number of values being averaged. The preliminary results indicate an increase in gain from the center to the edge of the order of 25 percent. Using tne definitions, 
